Aims-To determine whether the short wavelength sensitive (S) cone electroretinogram (ERG) is selectively altered in diabetic patients with and without retinopathy. Methods-Ganzfeld spectral flashes in the presence of bright white background illumination were used to elicit S cone ERGs in 15 non-retinopathic diabetics, 16 The intensities of the flashes were changed by neutral density filters. The flash duration was 10 microseconds and the stimulus frequency was 5 Hz. Responses were averaged with use of the Neuropack 2 averager (Nihon Kohden, Tokyo, Japan). To determine the difference in relative light intensity required to match the long wavelength sensitive (L) and middle wavelength sensitive (M) cone b-wave produced by the blue (450 nm) flash and that produced by the red (633 nm) flash, we determined the relation between L, M cone b-wave amplitude and light intensity that produced an equal amplitude L, M cone b-wave for the blue (450 nm) flash. To compare the lens yellowing, we obtained the L, M cone balance-namely, the log density units of the neutral density filter required to produce the L, M cone b-wave elicited with red stimuli, which is identical to that with blue stimuli. The lens yellowing reduces short wavelength transmissivity and reduces the L, M cone b-wave amplitude as well as the S cone amplitude. Thus, the L, M cone balance increases with the lens yellowing because long wavelength transmissivity is not greatly affected.9 We obtained permanent recordings using the maximum flash intensity available at 450 nm and dimming the other stimuli with neutral density filters to produce approximately equal long wavelength sensitive (L) and middle wavelength sensitive (M) cone ERGs, because all longer wavelength stimuli had more effective energy for the L and M cones. To obtain action spectra based on equal 
It is known that patients with diabetic retinopathy show tritan defects on colour vision tests. '2 Psychophysical studies using an increment threshold technique have revealed a selective loss of the short wavelength sensitive (S) cone pathway in patients with diabetes who have varied degrees of retinopathy."5 Furthermore, a histochemical study showed loss of disproportionate numbers of S cones in human eyes with diabetic retinopathy supporting these psychophysiological studies. 6 We report the S cone electroretinograms (ERGs) to spectral flashes with a Ganzfeld stimulus in diabetic patients. A brief abstract describing our results has been published.7
Materials and methods Fifteen patients with diabetes who had no ophthalmoscopic evidence of retinopathy and who ranged in age from 23 to 60 (mean 49. 8 amplitude criteria, intensity amplitude function was determined for all spectral stimuli in each subject.
Comparisons among diabetics without retinopathy, those with background retinopathy, and normal subjects were performed by means of ANOVA and post hoc tests.
Results
In normal subjects, the S cone ERG elicited by short wavelength (450 and 471 nm) stimuli appeared as a separate b-wave riding on an early mixed L and M cone b-wave. Middle and long wavelength stimuli produced only the mixed L and M cone b-waves (Fig 1A) . We measured the S cone b-wave response from its initial appearance, after the peak of the L, M cone b-wave, to its own peak for the 450 nm stimulus (Fig 1A) . In a diabetic patient who had background retinopathy, the S cone b-wave was reduced in amplitude and increased in implicit time (Fig IB) . There was no significant difference in the S cone b-wave amplitude between diabetics with and without retinopathy. For the L, M cone b-wave, there were no significant differences in amplitudes and in implicit times between the three groups. We determined the action spectrum of the S cone and L, M cone b-wave based on equal amplitude criteria (Fig 2) . The S cone b-wave has its peak sensitivity at 450 nm and the L, M cone b-wave at 534 nm. The S cone sensitivity was significantly decreased at 450 and 471 nm in retinopathic and non-retinopathic diabetics, compared with controls, respectively (p<0.05). The action spectrum of the L, M cone b-wave was almost identical in three groups and no statistical differences were observed at any wavelength.
There was no significant difference in the L, M cone balance-namely, the ratio of long (633 nm) to short (450 nm) wavelength filtering required to produce identical L, M cone b-waves. This finding implied that the lens yellowings were almost identical in the three groups and that differences in the opacity of dioptric media could be negligible in this study (Table 1) . It is well known that cataracts occur 20 to 30 years earlier in diabetic patients than in normoglycaemic patients."3 Changes in dioptric media reduce the amplitude of the S cone b-wave.9 A psychophysical study, in which the lens yellowing was taken into account, revealed a selective loss of short wavelength sensitivity in the older diabetic eyes. 4 In our results, obtained from both older and younger subjects, the L, M cone balance is almost identical in non-retinopathic, retinopathic diabetics, and controls. The L, M cone balance is the amount of neutral density filtering required to be placed before the red (633 nm) flash to produce an L, M cone b-wave equal to that of the blue (450 nm) flash. With lens yellowing this value increases.9 From these results, we can conclude that the transmission characteristics of the crystalline lenses are similar in the three groups and that the selective reduction of the S cone ERG in diabetes is probably due to diabetic changes in the retina and not in the lens.
Reports have suggested that the sensitivity loss of the S cone pathway may precede ophthalmoscopic changes in the fundus." Also, oscillatory potentials in single flash ERG reportedly could be a predictor of retinopathy progression.'4 It will be interesting to follow diabetic retinopathy prospectively in patients whose S cone ERGs are reduced below the normal range. Such studies would be needed to determine whether the S cone ERG can be a predictor of diabetic retinopathy.
